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Purpose: The impact of intraoperative complications on the postoperative outcome in rectal cancer
surgery is only poorly studied in literature. Thus, the aim of the present study was to assess the frequency
of intraoperative complications during rectal resections for malignancies and its inﬂuence on the short
term outcome.
Material and methods: We analyzed 605 consecutive patients, who had operations for rectal cancer at a
single institution between 1995 and 2010. Retrospective data from the surgical procedure and post-
operative course were obtained from the institutional colorectal database and individual chart reviews.
Intraoperative complications were recorded and its inﬂuence on postoperative course was investigated.
Results: Intraoperative complications occurred in 66 (10.9%) patients, with injury to the spleen (n ¼ 35 of
66, 53%) being the most frequent complication.
Patients with intraoperative complications had a signiﬁcant longer hospital stay (median: 13 days, range
7e92) compared to patients without complications (median: 12 days, range 2e135; p ¼ 0.0102). In
addition, intraoperative complications showed a tendency towards an increased risk for postoperative
surgical complications (p ¼ 0.0536), whereas no impact on postoperative medical complications could be
found (p ¼ 0.8043).
Pulmonary disorders were the only predictive marker for intraoperative complications (p ¼ 0.0247) by
univariate analysis.
Conclusion: We found that intraoperative complications during rectal cancer surgery signiﬁcantly pro-
longed hospital length stay. The overall morbidity rate was not affected.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Colorectal cancer represents the third most common malig-
nancy worldwide with a median age of diagnosis of 70 years iniss).
by Elsevier Ltd. All rights reserveddeveloped countries [1]. The treatment of patients with rectal
cancer can often be challenging according to the extension and
height of the tumor from the anal verge. In addition, neoadjuvant
radiotherapy may be required in selected patients and can even
increase the complexity of the operation. The surgeon must
perform an adequate Total Mesorectal Excision (TME) while
attempting to preserve the nerve supply to the pelvic organs to
achieve an optimal oncological and functional outcome [2]..
Table 1
Demographic characteristics of patients with rectal cancer resections.a
Demographic characteristics Patients (%)
Sex Female 237 (39.2)
Male 368 (60.8)
Age 64 (range 18e92)
BMI 25.4 (range 15.2e54.9)
Smoker 100 (16.5)
Neurologic disorders 38 (6.3)
Pulmonary disorders 76 (12.6)
Diabetes mellitus 91 (15)
Cardiologic disorders 277 (45.8)
Neoadjuvant radio-(Chemo)therapy 335 (55.4)
Tumor height High 113 (18.7)
Middle 237 (39.2)
Low 250 (41.3)
Protective stoma Ileostomy 274 (45.3)
Colostomy 139 (23.0)
Anastomosis Stapled 414 (68.4)
Hand-sewn 95 (15.7)
No 96 (15.9)
Type of reconstruction Colonpouch 63 (10.4)
End-end 368 (60.8)
End-side 81 (13.4)
UICC Stadium 1 179 (29.6)
2 125 (20.7)
3 170 (28.1)
4 114 (18.8)
a Categorical variables are described as absolute numbers with percentages.
S. Riss et al. / International Journal of Surgery 12 (2014) 833e836834Notably, rectal cancer surgery can be associated with a consid-
erable overall postoperative morbidity rate of up to 40% [3,4].
Bennis et al. investigated risk factors to predict short-term com-
plications after rectal resection for malignancy [5]. In a multivariate
analysis, the authors reported male sex, circumferential tumor and
transfusion to be independent parameters for postoperative
complications.
Surprisingly, there is a considerable lack of studies that exam-
ined the impact of intraoperative complications on postoperative
outcome following rectal cancer surgery. Sammour et al. performed
a meta-analysis comparing intraoperative complications between
open and laparoscopic colorectal resections [6]. Although, a high
number of randomized controlled trials did not record complica-
tions during surgery, the laparoscopic approach was associated
with signiﬁcantly higher rate of intraoperative adverse events in
comparison to the open procedure. However, its impact on the
postoperative outcome could not be evaluated.
A recent study found an overall incidence of 8.4% of intra-
operative complications during laparoscopic colorectal resections
based on the prospective database of the Swiss Association of
Laparoscopic and Thoracoscopic Surgery [7]. Notably, in their se-
ries, intraoperative complications signiﬁcantly increased the like-
lihood of a postoperative eventful course.
In light of the paucity of data, the present study was designed to
assess the frequency of intraoperative complications in patients
undergoing open and laparoscopic rectal cancer resection and to
evaluate its impact on the postoperative short-term outcome.
2. Methods
The investigation was approved by the local ethics committee.
We included 605 patients, who were operated for rectal cancer at a
single institution between 1995 and 2010. Data was retrospectively
collected from the surgical operation note, from the institutional
colorectal database and individual chart reviews.
We routinely conducted a TME as previously described by Heald
et al. [8] The type of resection was divided into intersphincteric or
complete rectal resection with coloanal anastomosis and low
anterior resection with colorectal anastomosis. In selected cases a
Hartmann's procedure or an abdominoperineal resection was
performed.
Intraoperative complications were recorded for each case and its
impact on the postoperative outcome was analyzed. The post-
operative course was deﬁned as the length of hospital stay and the
occurrence of postoperative complications (medical and surgical).
In addition, we aimed to assess parameters which were
considered to have potential inﬂuence on intraoperative compli-
cations: body mass index (BMI), age, type of procedure, access to
the abdomen, conversion to open surgery, type of anastomosis,
type of neoadjuvant radio/chemotherapy, tumor height, stoma,
smoking, Union Internationale Contre le Cancer stadium (UICC),
neurological disorders, diabetes, cardiovascular and pulmonary
disorders.
3. Statistical analysis
Continuous data are shown median and minimumemaximum
due to skew distribution. Differences of continuous data between
patients with and without intraoperative complications are tested
by Wilcoxon's rank sum test. Categorical variables are described
with absolute numbers and percentages and associations between
categorical variables are tested by chi-square test.
All p-values are two-sided and p  0.05 was considered signif-
icant. All calculations were performed with the statistical analysis
software SAS (SAS Institute Inc., Version 9.3, Cary, NC, USA).4. Results
The demographic data of all patients are outlined in Table 1.
We performed 404 (66.8%) low anterior resections, 45 (7.4%)
intersphincteric resections, 52 (8.6%) complete rectal resections, 71
(11.7%) abdominoperineal resections, 27 (4.5%) Hartmann pro-
cedures and in 6 (1%) patients other procedures. We conducted 36
laparoscopic assisted resections (6%), of whom 11 patients needed
conversions to open.
4.1. Intraoperative complications
Intraoperative complications occurred in 66 (10.9%) patients
and are further described in Table 2. The most common complica-
tion was an injury to the spleen (n ¼ 35/66, 53%), which required a
splenectomy in 5 (14.3%) patients due to signiﬁcant bleeding not
manageable by local hemostasis. Anastomotic leaks occurred in 3
(4.5%) patients and were detected by transanal installation of air.
4.2. Postoperative course
In regard to the postoperative course, 222 (36.7%) patients
developed early postoperative complications, of which 59 (9.8%)
were medical and 185 (30.6%) surgical.
According to the ClavieneDindo Classiﬁcation of complications
82 (13.6%) patients showed grade I complications, 63 (10.4%) grade
II, 16 (2.6%) grade IIIa, 55 (9.1%) grade IIIb, 2 (0.3%) grade IVa and 4
(0.7%) patients had complications grade V [9].
The hospital length of stay showed a median of 12 days (range
2e135).
4.3. Intraoperative complications and postoperative outcome
Patients with intraoperative complications had a signiﬁcant
longer hospital stay (median: 13 days, range 7e92) compared to
patients without intraoperative complications (median: 12 days,
range 4e135; p ¼ 0.0102). In contrast, intraoperative complications
Table 2
Intraoperative complications during rectal cancer surgery.a
Intraoperative complications Total (%) Management
Bleeding 9 (13.6) Surgical hemostasis
Ureteric Injury 4 (6.1) Surgical repair
Bladder injury 2 (3) Surgical repair
Splenic injury 35 (53) Splenectomy (n ¼ 5)
Local hemostasis (n ¼ 30)
Sphincter damage 1 (1.5) Surgical reconstruction
Anastomotic leak 3 (4.5) Surgical repair (over-sewn)
Ischemic colon 1 (1.5) Surgical resection
Common bile duct injury 1 (1.5) ERCP (after operation)
Bowel injury 4 (6.1) Surgical repair
Tumor perforation 3 (4.5) Lavage
Towel in abdomen 1 (1.5) Re-laparotomy
Hemodynamic instability
unknown origin
1 (1.5) Conservative
Hypogastric nerve injury 1 (1.5) None
a Categorical variables are described as absolute numbers with percentages.
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(35.6% without and 45.5% with intraoperative complications;
p ¼ 0.1177). However, intraoperative complications showed a ten-
dency towards an increased risk for postoperative surgical com-
plications (29.3% without and 40.9% with intraoperative
complications; p ¼ 0.0536), whereas no impact on postoperative
medical complications could be found (9.7% without and 10.6%
with intraoperative complications; p ¼ 0.8043). Postoperative
surgical complications following intraoperative complications were
anastomotic leak n ¼ 6 (23.1%), small bowel obstruction n ¼ 6
(23.1%), wound infection n ¼ 4 (15.4%), bleeding n ¼ 4 (15.4%),
sepsis n ¼ 2 (7.7%), large bowel leak n ¼ 1 (3.8%), common bile duct
leak n ¼ 1 (3.8%) and urinary retention requiring intervention n ¼ 2
(7.7%).
4.4. Risk factors for intraoperative complications
Patients with pulmonary disorders were found to have a sig-
niﬁcant higher risk for intraoperative complications (9.8% without
and 18.4% with pulmonary disorder; p ¼ 0.0247) by univariate
analysis. No other risk factors could be detected.
5. Discussion
In the present study we could demonstrate that intraoperative
complications during rectal cancer surgery signiﬁcantly prolonged
postoperative hospital stay. In addition, complications during sur-
gery also showed a tendency towards an increased risk for post-
operative surgical complications, whereas the overall morbidity
rate was not affected.
We cannot give a clear explanationwhy surgical but not medical
complications were more common following intraoperative com-
plications. However, intraoperative complications can have a
negative impact on the entire immune system and subsequently
affect the postoperative recovery and healing process. This can
possibly lead to surgical complications.
The occurrence and impact of intraoperative complications in
rectal cancer surgery is only poorly studied in literature. In a large
series including general laparoscopic colorectal operations the
overall incidence of intraoperative complications was 8.4% [7]. The
most common complications were injuries of solid organs and
bleeding. In the present study, we found a slightly higher rate of
intraoperative adverse events. However, it needs to be taken into
consideration, that we focused on rectal cancer resections only, and
analyzed both laparoscopic and open procedures. Bleedingrepresented the most frequent complication in our cohort too, but
was mainly linked to an injury of the spleen, which required
splenectomy in a small number of patients. This is certainly a result
of the constant mobilization of the left ﬂexure in order to achieve a
tension free colorectal or coloanal anastomosis.
A multicenter study assessed the outcome of patients who un-
derwent colorectal surgery and required a splenectomy because of
an iatrogenic injury of the spleen [10]. The authors revealed a
cancer-speciﬁc survival at ﬁve years of 70% in contrast to 47% of
patients in those who had an unplanned splenectomy. We did not
comment on the prognosis of patients with intraoperative com-
plications, as the primary aim of the current study was to evaluate
its inﬂuence on the short-term outcome.
Iatrogenic ureteral injury represents another feared complica-
tion in colorectal surgery, which usually requires immediate sur-
gical reconstruction. In a nationwide inpatient administrative
data-base in the United States the overall incidence of ureteral
injuries was 0.28% out of 2,165,848 colorectal surgical procedures
between 2001 and 2010 [11]. Notably, the occurrence of ureteral
complications was associated with a signiﬁcantly increased
morbidity, mortality rate and length of hospital stay post-
operatively. Furthermore, several risk factors for ureteral injury
were detected by multivariate analysis with rectal cancer being
one of them. In our series ureteral complications were observed in
4 patients (0.66%), all of whom needed reconstruction by
urologists.
We also aimed to identify risk factors for developing intra-
operative complications in rectal cancer surgery. Interestingly, only
patients with pulmonary diseasewere found to increase the risk for
an intraoperative eventful course. Generally, patients with pul-
monary disorders have an increased anesthetic risk undergoing
surgical interventions. However, whether this has an effect on
intraoperative complications needs to be proven by further studies.
From the clinical point of view, there is no obvious correlation
between intraoperative surgical complications and pulmonary
disorders. In contrast, Kirchhoff et al. analyzed predictive markers
for intra and postoperative complications in patients who under-
went laparoscopic sigmoid resections due to recurrent diverticulitis
[12]. Intraoperative problems occurred in 5.3% and were mainly
bowel injuries, anastomotic and anesthetic problems and bleeding.
Only age >75 years was associated with a higher chance of intra-
operative complications. Sammour et al. revealed a higher intra-
operative complication rate during laparoscopic colorectal
resections compared with conventional open resection by
analyzing 10 randomized controlled trials [6]. The authors of the
study could not provide data whether this affected the post-
operative outcome negatively. Notably, several large randomized
controlled trials found no difference in the postoperative compli-
cation rate between open and laparoscopic colorectal operations.
Yang et al. reported that an unplanned conversion due to intra-
operative adverse events during laparoscopic colorectal surgery for
benign and malignant disease was associated with a greater risk of
developing postoperative complications [13]. In our series, lapa-
roscopic rectal resections or even conversion to open did not
elevate the intraoperative complication rate.
We need to address that the main limitation of the study is its
retrospective design. However, consecutive data were collected
from an institutional database and all operation notes were proof-
read to adequately record the occurrence of intraoperative com-
plications. As the study was conducted to assess short term
outcome only, we cannot provide data of the effect of intra-
operative complications on diseases free survival. Nevertheless, we
believe that the present study is of relevant clinical interest as the
data on intraoperative complications and its impact on the post-
operative outcome in rectal cancer surgery is lacking.
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In the present analysis we found that intraoperative adverse
events during rectal cancer resections prolonged postoperative
length of stay signiﬁcantly. In addition, intraoperative complica-
tions seemed to increase postoperative surgical complications
without reaching statistical signiﬁcance. These data underline the
importance of maintaining an impeccable approach to surgical
procedures to minimize intraoperative complications and their
effect on postoperative outcome.Ethical approval
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